Surface waters, shallow groundwaters, and precipitation samples were collected along three traverses, which begin at the California coast and are oriented in an east-west manner, roughly parallel to the atmospheric flow path of meteoric water. The hydrogen isotope compositions from short-term precipitation records varied as much as 40%o at one location and were not representative of the average annual isotopic composition of precipitation. The hydrogen isotope ratios of surface waters and shallow groundwaters distinguish segments with isotopic variations that correlate with measured vertical fluxes of meteoric water. One coastal segment appears to closely approximate an open system in which precipitation dominates over evapotranspiration. Most segments are described by rather regular variations in •SD: 3-45%0 per 100 km, which represent different degrees of closure of the hydrologic system caused by variable partitioning of precipitation between runoff and evapotranspiration. All partially closed systems imply terrestrial recycling of water. A simple model estimates this amount to be about 20% across northern and central California. Three segments, representing the Great Basin, show virtually no geographic variation and appear to represent isotopically closed systems.
INTRODUCTION
West-to-east variations in the oxygen and hydrogen isotope composition of surface waters and shallow ground waters across northern California and Nevada reflect general isotopic changes in atmospheric water vapor accompanying continued precipitation and recycling of water by evapotranspiration upwind [Ingraham and Taylor, 1986] . These variations, modeled in terms of isotopic fractionation in open and closed hydrologic systems, indicated a discrepancy in the measured and Rayleigh model-predicted hydrogen isotope compositions of inland meteoric water which was attributed to recycling. The results of the present study incorporate measurements across central and southern California, and reveal additional complexities.
Reconnaissance hydrogen isotope studies by Friedman et al. [1964] indicate the profound effects of geography (primarily distance inland and elevation) on the compositions of surface waters in the United States. Friedman and Smith [1970, 1972] In a study of water balance in the Amazon Basin, Salati et al. [1979] determined the oxygen isotope composition of precipitation in the basin and found a very small (0.075%0 per 100 km) isotopic depletion with distance inland from the Atlantic Ocean. They attributed the small depletion to a large contribution from reevaporated moisture. Similarly, Rozanski et al. [1982a] modeled the stable isotope composition of atmospheric water vapor and precipitation in central Europe with respect to distance from the Atlantic Ocean and included the effects of winter precipitation and summer evapotranspiration. They documented decreases in •SD of 3.3%o per 100 km in winter precipitation and 1.3%o per 100 km in summer precipitation. Rozanski et al. [1982b] concluded that variations in local precipitation were primarily controlled by regional-scale precipitation/evapotranspiration events upwind, modified only slightly by local temperature fluctuations. Based on this, Rozanski [1985] interpreted the isotopic composition of old European groundwaters as indicating atmospheric circulation patterns similar to those of the present. Yonge et al. [1989] studied the stable isotopic ratios of surface waters across western Canada to the Great Divide and beyond. These researchers modeled the results from over 500 km distance inland in terms of a single-stage Rayleigh distillation curve and concluded that precipitation west of the divide did not appear to be greatly affected by evapotranspiration. The present study bears on the history of meteoric water in hydrologic regimes dominated by an eastward atmospheric flux across California and Nevada. Variations in stable isotope ratios of surface waters and shallow groundwaters on a regional scale can be modeled effectively in terms of precipitation, evapotranspiration, and runoff. This approach includes a somewhat larger view of the hydrologic cycle than most previous models, which have emphasized the precipitation-dominated orographic effects. 
METHODS

Sample Collection
All samples were collected in 125 ml (4 oz.) polysealed glass bottles along three east-west traverses across California and Nevada (Figure l) . The traverses were aligned in a manner to determine the maximum changes in isotopic composition in meteoric water as it migrates from west to east. The traverses were approximately equispaced and included most major physiographic and hydrologic provinces in California and Nevada, including the Great Basin. Shallow groundwaters were considered to be the type of sample that best represented average precipitation, being the least sensitive to the extreme yearly, seasonal, and in-storm isotopic variability (such as found by Smith et al. [1979] ) and yet reflecting the current climate and hydrologic regime.
Groundwaters
Eighty-five samples of shallow groundwater (including some surface waters) were collected for this study. An additional 35 isotopic analyses of groundwater reported in the literature were incorporated in the data base.
Precipitation
Precipitation (as rain and snow) was collected to compare with the surface water and shallow groundwater samples and to determine the stable isotope composition of waters available for infiltration. Rain was collected along the coastal portion of traverse I and also along traverse II in California from 0 to 250 km inland. Rain samples were collected by a simple device consisting of a 2 L plastic bottle set inside a nursery can backfilled with soil for stability. Tygon tubing with a restriction was attached to a funnel and placed through a stopper in the neck of the bottle. A short length (15 cm) of tygon tubing (0.8 mm ID) was inserted through a hole in the stopper to release air displaced by water as the bottle filled. The small-diameter tubing restricted evaporation of the sample.
Thirty-nine such rain samplers were placed in selected locations along the two traverses (I and II). Four sets of samples were collected along traverse II and one along traverse I. The rainwater caught in the collectors was measured volumetrically, and an aliquot was stored for analysis. Several duplicate samplers were left undisturbed the entire season (November to April) to collect the complete record of rain, which compared well both volumetri.
cally and isotopically to the summation of the short-term data.
Six early spring snow cores were collected along portions of traverse II in the Sierra Nevada of California, where precipitation occurs primarily as snow. The snow was cored using a modified Mt. Rose snow sampler and sealed in plastic containers and allowed to melt slowly. The meltwater was then bottled, in the same manner as with other water samples.
Isotopic Analysis
Both the hydrogen and oxygen isotope ratios were determined using two different methods. Quantitative conversion of water to hydrogen gas was performed using both uranium [Bigeleisen et al., 1952] and zinc [Kendall and Coplen, 1985] . In the uranium method, hydrogen was Toepier-pumped into a Pyrex glass tube (3/8 in OD x 12 in), sealed with a torch, and stored for several weeks for analysis. With zinc, hydrogen gas was produced and sealed in the same Pyrex tube (1/4 in OD x 6 in) used for reaction. The oxygen isotope analysis of water was accomplished principally by the CO2 equilibration method [Epstein and Mayeda, 1953] but also by the guanidine hydrochloride method [Dugan et al., 1985 ]. An equilibrium oxygen isotope CO2-H2 ¸ fractionation factor of 1.0412 (at 25øC) was used for the CO2 equilibration technique [Freidman and O'Neil, 1977] . All data are reported in the standard $ notation with respect to SMOW. The reproducibility of (SD is about 1%o and of (5•80 is about 0.2%0.
RESULTS
Groundwaters
The stable isotope compositions of all surface waters and shallow groundwaters collected for this study are listed in Table 1 As discussed here, the boundaries of the system are broadened beyond those of the cloud (as the system is usually described in a precipitation-dominated model) to include the ground surface to a shallow depth beneath.
Therefore shallow groundwaters are thought generally to reflect the isotopic composition of the system, as defined.
In this expanded system the eastward moving moisture becomes depleted in deuterium by continued precipitation.
If all precipitation were removed from the system via runoff, leaving none to be recycled back to the atmosphere by The isotopic composition of meteoric water is shown to be directly related to the closure of the hydrologic system(s) upwind. A small change in the "degree of closure" of the hydrologic system (i.e., a change in the relative amounts of precipitation and runoff or evapotranspiration) upwind may produce substantial changes in the isotopic composition of inland meteoric water.
